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Abstract
The large discrepancy recently observed between B ! J=	 + K(K

) data and
commonly used hadronic form factor models might be due to a breakdown of the




) rates can be
calculated without relying on any form factor model, we propose a test of the
factorization hypothesis. This test is free of possible uncertainties caused by nal
state interactions and W -exchange graph contributions. If factorization holds, the






+K) is predicted to be in the range
from 0.18 to 0.95 when the CLEO II data on B ! J=	+K(K

) are used.
PACS index 13. 25. Hw, 14. 40. Nd

Postal address: LPTHE, Tour 16, 1
er
Etage, Universite Pierre &Marie Curie and Universite Denis Diderot,
4 Place Jussieu, F-75252 Paris CEDEX 05, France.
y
Postal address: LPTHE, Tour 24, 5
eme
Etage, Universite Pierre & Marie Curie and Universite Denis
Diderot, 2 Place Jussieu, F-75251 Paris CEDEX 05, France.
z
Unite associee au CNRS URA 280
I Introduction
The study of B meson decays into charmonium states oer a nice opportunity for a better
understanding of three topics :
1. the colour-suppressed mechanism in the beauty sector and a possible breakdown
of the factorization hypothesis [1] ;
2. the hadronic form factors ( associated , at the basic level, with the heavy to light
quark transitions, namely b! s ) that enter in many rare decay modes of the B mesons, these
modes being generally considered as a nice way to investigate new physics beyond the standard
electroweak model ;
3. the violation of CP manifested through one of the three CP violating angles -

















(3510) accompanied mostly with K and K

(892) mesons [2] [5]. The
B ! 
c
+X inclusive decay as well as some exclusivemodes are under experimental investigation
[6]. When available, both the spin 0 and the spin 1 parts of the weak 4B =  4S = 1 vector




) rates is also
a powerful way to extract the pseudoscalar decay constant f

c
[7]. Furthermore, as will be




) and B ! J=	 + K(K

) data, the
factorization assumption in colour-suppressed beauty decays can be tested.
Indeed it has been shown recently [1, 8], that assuming factorization, the decay modes
B ! J=	+K and B ! J=	+K

when taken together appear to be two remarkable lters to
eliminate many - if not all - of the commonly used models for B ! K(K

) hadronic form factors
as given by quark models [9] [15], by QCD sum rules [16], by lattice calculations [17], by union
of chiral and heavy avour symmetries [18] and also those derived in Refs.[1, 8] employing the
Isgur-Wise procedure [19, 20] which relates the B ! K(K

) form factors to the experimentally
measured D ! K(K

) ones, using the heavy avour symmetry between b and c quarks.
It is interesting to observe that the only experimental data necessary for these exclusions
are the relative ones.
































= 1:64 0:34 ARGUS;CLEO 1:5; CLEO II Averaged [2]
R
	
= 1:71 0:34 CLEO II [3]

L
> 0:78 (95% CL) ARGUS [4]

L







The most spectacular feature of these data is the large value of 
L
and the main diculty is




. For instance the modied Bauer-Stech-Wirbel
model discussed in [1] as BSW II (denoted as "revised" BSW in Ref.[3] ) produces correctly
R
	
= 1:61 and uncorrectly 
L
= 0:35, i.e. a value too small by a factor of 2. On the other
side, the so called "alternative model" of Ref.[7, 15] constructed so that to have a large value
for 
L
, fails badly to account for R
	
, predicting a value 5 times larger than the experimental
one.
When we realized [1] the large disagreement between experiments [2] [5] and model pre-
dictions [9] [18], including those derived in [1, 8] from the Isgur-Wise scaling method [19], we
were naturally led to ask the question what might be the origin of such a discrepancy ?
We proposed two possibilities :
1) an inadequacy of the ingredients - normalization at q
2
= 0, dependence with respect
to q
2
- used in the B ! K(K

) hadronic form factors ;
2) a failure of the factorization assumption.
The purpose of this paper is to investigate the second possibility by proposing a test of




) and B ! J=	+K(K

) rates can be related
assuming only factorization and plausible scenarios for the q
2
dependence of some ratios of







decay modes of B mesons will provide a genuine test of factorization if data are
accurate enough.







) To start with, let us remind the QCD-induced eective Lagrangian [21] relevant for
































) corresponds to V-A currents. Using a Fierz transformation, the La-







































's are SU(3) colour generators.
The brackets in the rst term of L
eff
are colour singlet currents while in the second term
they are colour octet currents. In the factorization approximation of Bauer, Stech and Wirbel [9]
(henceforth BSW), physical hadronic states are inserted in all possible ways. These states being










is considered as a purely phenomenological parameter. The second part of the Lagrangian (4),
sometimes called non-factorizable contribution, might happen to cancel a part of the factorizable












. Let us remind that
such a cancellation seems to take place in two body D meson decays [9, 22]. However the issue
is completely open in the B meson sector.
2










assuming factorization and neglecting possible penguin contributions because at least two or
three gluons are needed in order to excite, from the vacuum, the colourless charmonium state
cc. The relevant colour-suppressed diagram is shown in Figure 1.





. The hadronic form











for B ! K

transitions. The decay matrix elements are proportional to the phenomenological
dimensionless parameter a
2


































is the J=	 polarization vector.
For the hadronic form factors it is convenient to consider separately their normalizations at
q
2
= 0 and their variations with q
2
.
i) for the normalization at q
2










































































































ii) for the variation with q
2







































The type of variation with q
2
will be called in what follows a scenario.


















































































































































































































































































where the dimensionless parameters k in Eqs.(14) - (22) are simply related to the - center of
mass - momentumK of the nal mesons by k = 2K=m
B
.


















































































































































































For the comparison of 
c

















































































has been dened in Eq.(2).


































The numerical coecients in Eqs.(23)-(34) are slightly dierent for B
+











mass dierences. We shall ignore this eect in this paper.
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This measurable quantity R

c
is to be used to test the factorization hypothesis.















. The physical meaning of this fact can be
understood in the following way : by angular momentum conservation, the K

is longitudinally









, the latter depends only on x (not on y) as can be seen in Eq.(29).





) As shown in [1], for a xed value of 
L
, the quantity x(m
2
	
) is restricted to lie in the
























where the numerical values of the coecients a and b have been given in Eq.(27) :
a = 3:148; b=a = 0:412.








































This result is scenario-independent.
2

) However the relation between x(m
2
	





) = x ; (ii) x(m
2
	




Among the three possibilites, only the rst two cases seem to be physically plausible. The case












) have the same q
2
dependence
no matter how it is : monopole, dipole, exponential form, etc. Many commonly used models
sit in this scenarios [9, 11, 12, 14, 15, 18]. Of course constant axial form factors belong to this
case.












) is an increasing function of q
2
and such a



















is either constant or increasing with q
2







The cases (i) and (ii) obviously come from quark models, QCD sum rules, and lattice
calculations. To our knowledge, the case (iii) has never been met by analyses in the literature














), neither their normalizations at q
2
= 0, nor their long extrapolation from
q
2





















enters in our discussion.
3

) The function (1 0:711 x)
2
is a non negative function of x which decreases for x < 1:41,
vanishes at x = 1:41 and increases for x > 1:41. For x(m
2
	







 (1  0:711 x)
2
 1 (38)
The lower bound vanishes at 
L





































































Of course the lower and upper bounds of P (
L
) coincide when 
L




= 0:832. We present in Figure 2 the bounds of the quantity P (
L































































) and their dependences on q
2
are expected to be smooth. Secondly the 
c
and













extrapolated lengthly from q
2












are expected to be O(1).




, let us compute these quantities using
a monopole q
2
dependence for all form factors with the values of the pole masses as proposed
by BSW [9], m
1
 
= 5:43 GeV , m
0
+
= 5:89 GeV , m
1
+
= 5:82 GeV and m
0
 
















The same calculation has been repeated with a large number of scenarios [9] [18] and it turns









































   0:4 using the













= 1:4 for the upper bound. We also indicate the one standard deviation lower value
of 
L
coming from CLEO II [3], i.e. 
L
 0:71 and the CDF preliminary result within one
standard deviation 0:53 < 
L
< 0:80 [5].
In order to obtain numerical estimates, let us choose 
L







































Bounds on the ratio R

c

















Our form factor model-independent result Eq.(48) could be favourably compared to the model-
dependent one recently discussed in Ref.[7]. Using their Eqs.(17), (25) and their Table 1,
the three models of form factor considered there [7] (which correspond respectively to our





the following values : 0:071; 0:047 and 0:38. The
rst two models violate our bounds Eq.(48), the third one [15] (constructed to t large 
L
data)
fails badly to account for R
	









rate is therefore questionable.
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) A measurement of the ratio R
K
will provide an opportunity to extract, from experi-
ment, the scalar decay constant f

c













The vector constant f
	







382MeV [10]. The scenario-dependent factor S
V













[254   288] MeV (53)
2






constants using the wave function
































































, but they are expected to





[23]. Using the value of Eq.(56) and the previous
estimate of the scenario-dependent factor S
V
, a prediction for the ratio R
K
due to factorization
can be obtained :
R
K
= 1:8   2:3 (57)
3

) Analogous considerations can be made for the ratio R
K



















However we have a supplementary uncertainty due to the polarization factor P (
L
) and the less




= 1 0:2 and the results previously
obtained in Figure 2 for P (
L
), the prediction for R
K







= 0:28   1:05 (59)





) However the best place to look for the determination of f

c
is probably the inclusive




which is presumably described at the quark level by b ! 
c
+ s











































































and J=	 - center of mass - momenta corresponding respectively to the
decays b! 
c
+ s and b! J=	+ s.
The expression of Eq.(60) is independent on hadronic form factors. However it involves




and is therefore sensitive to their numerical values. In particular
the value of m
s
is not accurately known and it could be a source of uncertainty. Using m
b
=
4:8 GeV , and m
s


















V. Summary and Conclusion
The large discrepancy recently found [1] between B ! K(K

) + J=	 experiments and
theoretical predictions - using the factorization hypothesis together with form factors models -
prompts us to ask the question : is this due to the materials (form factors) or to the methodology





rates with the help of B ! K(K

) + J=	 data. Experimental measurement of the
decay rates for 
c
production provides then a genuine test of the factorization assumption. We
point out that such a test is free of uncertainties (due to both nal state inelastic interactions
and W -exchange diagram contributions) that usually contaminate the analogous test in the
charm sector. The reason for the absence of nal state inelastic interactions is that in B !
K(K

)+J=	, there is only one isospin 1/2 decay amplitude, while for Cabibbo favoured charm











, predicted by factorization, is unexpectedly low between 0.18
and 0.95 using the CLEO II results [3] and even lower if the CDF longitudinal fraction 
L
[5]
is prefered. Its conrmation or not by experiment will x up the status of factorization in
colour-suppressed beauty decays.









In the appendix we also discuss the question of the transverse polarization of the nal vector
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APPENDIX
Comment on the transverse polarization in B ! J=	 +K

The bounds shown in Fig. 3 will be improved if a full measurement of the polarizations
in the processes B ! J=	 + K

can be experimentally achieved. For that purpose the two
























determines the quantity y(m
2
	






































)  0 - we notice that y  0 is characteristic of the V   A






















The numerical value of c as given by Eq.(28) is 0.434.
On the other hand, as discussed in [1], for a given value of 
L

































































The measurements of the longitudinal and transverse polarizations in B ! J=	 + K

are
compatible if and only if the value of y(m
2
J= 
) obtained from a measurement of the asymmetry
A
LR




























the upper bound of A
LR
is not 1 but a quantity A
max
LR






































From experiment this range of 
L
between 0.712 and 0.832 is a realistic one.
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Figure captions









2. Fig. 2 : Bounds for the polarization dependent function P (
L
) as functions of 
L
.





as functions of 
L
. The full vertical line is the
CLEO II lower bound on 
L
. The dotted vertical lines are the one standard deviation 
L
of CDF.
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